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Abstract

Mortars are an integral part of historical and even modern constructions, used in different parts of
their structure. Therefore, putting up a building with high quality and durability calls for attempts to
enhance the quality of mortars and building materials. Generally speaking, the foremost factors
responsible for the changing properties of gypsum mortars are the type of mineral deposit, the baking
manner, and the additives. Thus, the present paper aimed to overview the effects of these factors on
mortar properties. In studies such as this library research will be the only possible research approach
to adopt. Given the distribution of gypsum deposits over diverse landscapes, the first factor affecting
the properties of gypsum is the type of mine which is governed by its surrounding environment. In
particular, different mines will provide gypsums with varying impurities and crystal growth
conditions, which in turn will give mortars with distinctive properties. Baking method and additives
will likewise affect the structure of the resultant mortars in some way. Therefore, controlling each of
these factors will bring about certain variations in crystal morphology and intracrystalline space,
thereby causing differences in the properties of gypsum mortars.
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Introduction
Notwithstanding the various definitions advanced in different sources, mortar in general can be
defined as a workable paste that binds building materials or is used as a main building material such
as coating and plaster [1-3]. Mortar with gypsum binder is considered the most common restoration
material in the preservation of architectural decorations. Therefore, structural study of the factors
responsible for different properties of gypsum mortars and the ways of enhancing gypsum with the
aim of more effective conservation of buildings and monuments is essential. Because, apart from its
advantageous features such as good plasticity, gypsum has a series of disadvantages, most notable
among them being the low resistance to moisture. To control and optimize a mortar, several points
should be considered:
A. The mineral deposit, which directly affects the quality of gypsum mortar, and hence in
different mines gypsum sedimentary minerals are formed under different conditions;
B. How gypsum is baked, as a different phase of gypsum will form from the varying heating
temperature, which has an important effect on such qualitative factors as setting time;
C. Additives, which have been used in historical mortars throughout history and mentioned in
early textual sources, and cause changes in the quality of mortars [1-3].
Accordingly, the purpose of this review paper is to furnish a short overview on mortars and the
factors affecting the properties of gypsum mortars for use in the field of conservation and restoration
of historical monuments.

Literature Review

History and application of mortars

The use of mortars for construction purposes has a long history, as is evidenced by gypsum-limestone
mortars attested in Gobekli Tepe of Turkey and other centers in the Middle East dating to the seventh
and eighth millennium BC. This extended history has led to the emergence of a wide variety of
mortars, and over time architects have gained knowledge about the properties of mortars and their
use in different parts of buildings. Notably, the mortar used in brick bonds is different from the one
used as plaster to coat wall surfaces. This even has a bearing on the type of binder that is selected, so
that in such buildings as bathhouses that are in direct contact with moisture, hydraulic lime will be
the most suitable mortar, a fact that illustrates application of different mortars in different parts of
the building [4-8]. Over time, additives also began to play an essential part in determining the
properties of mortars. For example, Chardin alludes to the use of mica as an additive to brighten
gypsum mortars used for plastering [4].

Gypsum Structure

Gaining an understanding of the structure of gypsum is central to any examination of the influencing
factors, and the effects of additives and gypsum processing on the properties of the final mortar. In
general, to investigate the structure of plaster in this research, the main focus will be on the
morphology and the inner crystals of the minerals. In the inner part of the gypsum crystal, the
constituent elements include calcium, sulfur, oxygen and hydrogen, and the arrangement of these
elements within the crystal will be determined by the different phases of gypsum such as anhydrite
or basanite. This internal morphology and arrangement will in turn give shape to the outer crystal.
The latter may also affect the inner crystal shape and structure through the conditions of the mineral
deposit (such as the pressure exerted on the crystals, the temperature of the mine). Apart from the
conditions of the deposit, factors such as crystal growth, twinning, and structural defects in crystals
also have a bearing on the shape of the crystal. Figure 1 presents a good guide for determining the
shape of crystals based on the crystal growth and twinning. The way gypsum is baked in the kiln and
the nature of additives will also affect the shape of the crystals, leading to varying properties of the
gypsum mortar [9-20].

Effective Factors in Varied Properties of Mortars

The main factor in determining the properties of mortars is the binder, which may consist of materials
such as plaster or lime. Due to the widespread use of mortar with plaster binder, the main focus of
the present study will be on these materials. In general, the type of mineral deposit, the baking
method, and additives (Figure 2) are the main factors determining the properties of gypsum mortars.
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The influence of the conditions of the mineral deposit along with gypsum’ structure have already
been explained to some extent. Therefore, the two remaining factors will be explicated in the
following sections.
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Fig. 1: Molecular structure of two-hydrated, semi-hydrated and anhydrite (no water) gypsum made by VESTA software
(idea taken from source [17].)
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Fig. 2: Characteristics created in historical mortars by the ratio of three mining factors, calcination and additives

Gypsum processing

Ore extraction, calcination, cooling, sieving and crushing, adding additives and fillers, and finally
adding water are the main stages that make up the processing of a gypsum mortar (Figure 3). Each
of these discrete stages will strongly affect the properties of the resultant mortar. For example, baking
and calcining at different temperatures will produce different phases of gypsum (Figure 4). A further
example is the crushing of the calcined gypsum, in that different sizes of pulverized gypsum particles
will cause variations in the properties of the final mortar [29,30, 37,38,39].
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Fig. 3: The process of producing building plaster in a traditional way (idea taken from source [28])
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Fig. 4 The production cycle of different gypsum phases and their transformation back into gypsum (CaSo4 2H20) (taken
from sources [30-33])

Introducing traditional additives in historical mortars

ISO 6707-1:20201 defines mortar as a material comprised of a combination of a binder, fillers, and
water. This statement can propetly justify the existence of mortars made from different compounds
so as to enhance the efficiency of mortar besides alleviating inherent weaknesses of materials such as
lime and gypsum. Before proceeding to introduce the additives used in historical mortars, giving a
definition of the term “additive” might be helpful: an additive in a mortar is a very small amount of
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substance added to the main composition of mortar to change or improve its properties. According
to this definition, milk, casein, egg white and yolk, animal glues, beeswax, urea, plant fibers,
magnesium compounds and even pozzolanic materials are the commonly used additives in mortars
[40-43]. Apart from the description of ancient additives, examples of practical applications of each
additive in buildings and other relics are presented. For instance, the casein content in the statues
made of mortar was added as a patina. Table 1 outlines the additives recorded in historical buildings.

Table 1: introducing some additives used in historical mortars

Mortar of Pouncey Castle, England]61|

non-metals (such as brick-
pottery chips)

A case example in historical works An example of additives A(iil)telve
Limestone mortar of Chinarminar building, India[62] Mortar of Ysuch :Sar};i?ireaetz; d aloe
Padmanabhapuram Palace, India[63]. Solupar Fort, India] 64[ P vera(
The mortar of the Church of the Holy Cross in Gersa in Jordan [65], the
plaster mortar of Khwaja Zainuddin Uzbekistan [66]. Plaster works of Proteins (such as Animal
the Italian Renaissance period in the Strasbourg Museum and Paris glue and albumin) Organic
Louvre] 67( materials
Mortar of historical monuments of the Ming and Song periods in China Oils and gums
[68], the mortar of the ]69[ Amalfi shipyard in Italy )inseed oil and gum(
India's Dolatabad Castle[70] Spain's Amour Castle ]71[Resetvoir Meal }(:xldeg (such as
cmatitc) minerals

Effects of modern additives on historical mortars

Effects of additives on mortars may include resistance effects, changes in water absorption rate,
toughness, water absorption speed (hydration), and consolidation in restoration operations. For that
reason, this section considers the effects of additives on mortars. For instance, actylic polymers have
proved to act as an acceptable stabilizer for gypsum mortars, or adding such substances as lime
nanoparticles improves their strength properties. Table 2[44-84] presents the effects of different

additives.
Table 2: Introduction of some additives for mortars and their effect on mortar
corfsilrjlrreling ab:)(}/ggiron Hyf:z:ion Lubricant Riisli;:irtlt Stabilizer Additives
- De - + In + Acrylic polymers
In + Silca gels
- De In + Lime nanoparticles
De - + In - Latexes
In - De - In - pva
Pln De PDe - In - black tea
In - De salt
- De - - In - Sand
In - Hemp fibers
4 In sulfonated melamine-
R —_— formaldehyde
In In De - In - bottom ash
In - Magnesium oxide
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. De In - Aluminum silicate
- De - + In + Nano carboxylate ether
- De In - Aluminum stearate
In De - In - Fly ash
. De In - Carbon nanotubes
In - Pro-pylon fibers
- In De - In - Tobacco waste
In - De - De - Citric acid
In De De - In - Pozzallan &Furnace slag
In - Types of cement
In - De - In - rice husk
f}?:lhig;;tef;stif:;/oﬁ i:i:i:z /P l+) ;negative‘ | - incrementalIn./ decrease:De /PDe. In Table guide

Conclusions

Gypsum mortar is among the earliest materials used in the structure and ornamentations of historical
buildings, and still remains a most widely used material in contemporary architecture. Understanding
the properties of plaster in terms of structure and changes in its functional properties can be placed
under the most important specializations in the field of cultural heritage studies. Our results suggest
that the shape, crystal, and structure of gypsum crystals have a direct bearing on the properties of
mortars. Conditions of the mineral deposit, additives and processing methods are also central to
gypsum’s structure. For example, some additives will reduce the size of hexagonal gypsum crystals.
As regards mine’s conditions, phenomena such as crystal growth, twinning and the initial size of
gypsum crystals are affected by such factors as temperature, directions of pressure on the crystal, pH,
and impurities existing in the mine.

References
[1] Ossorio M, Van Driessche AE, Pérez P, Garcia-Ruiz JM. The gypsum-—anhydrite paradox
revisited. Chemical Geology. 2014 Oct 29;386:16-21.

https://doi.org/10.1016/j.chemgeo.2014.07.026

[2] Liu K, Han S, Gao W, Tang YN, Han X, Liu Z, Bao L, Zhi M, Wang H, Wang Y, Du H. Changes
of Mineralogical Properties and Biological Activities of Gypsum and Its Calcined Products with
Different Phase Structures. Evidence-Based Complementary and Alternative Medicine. 2021
Mar 10;2021. https://doi.org/10.1155/2021/6676797.

[3] Hami, A. Building Materials. Twenty-fifth edition. University of Tehran. Tehran.2020.[in Persian]

[4] Artioli G, Secco M, Addis A. The Vitruvian legacy: Mortars and binders before and after the
Roman wotld. https://doi.org/10.1180/EMU-notes.20.4.

[5] Montana, G., & Ronca, F. (2002). The “recipe” of the stucco sculptures of Giacomo
Serpotta. Journal — of  Cultural  Heritage, 3(2), 133-144.  https://doi.org/10.1016/51296-
2074(02)01169-X

[6] Franzini M, Leoni L, Lezzerini M. A procedure for determining the chemical composition of
binder and aggregate in ancient mortars: its application to mortars from some medieval buildings
in Pisa. Journal of Cultural Heritage. 2000 Dec 1;1(4):365-73. https://doi.org/10.1016/S1296-
2074(00)01092-X.

[7] Dadvar;A.,mohseni,Z & Mir Fattah A.. Limestone art in Vakil bath in Shiraz. Islamic Iranian city,
Issue 20.2014.[in Persian].



Yaqubzadeh, Razani / Journal of Research on Archaeometry 2 (2021) 209-217

[8] Yang F, Zhang B, Ma Q. Study of sticky rice— lime mortar technology for the restoration of
historical masonry construction. Accounts of chemical research. 2010 Jun 15;43(6):936-44.
https://doi.org/10.1021/ar9001944.

[9] Zhu C, Xu X, Liu W, Xiong I, Lin Y, Cao C, Liu X. Softening damage analysis of gypsum rock
with water immersion time based on laboratory experiment. IEEE Access. 2019 Sep 2;7:125575-
85. DOLI: 10.1109/ACCESS.2019.2939013

[10] Hass M, Sutherland GB. The infra-red spectrum and crystal structure of gypsum. Proceedings
of the Royal Society of London. Series A. Mathematical and Physical Sciences. 1956 Sep
11;236(1207):427-45. https://doi.org/10.1098/1spa.1956.0146

[11] Zha F, Qiao B, Kang B, Xu L, Chu C, Yang C. Engineering propetties of expansive soil stabilized
by physically amended titanium gypsum. Construction and Building Materials. 2021 Oct
11;303:124456. https://doi.org/10.1016/j.conbuildmat.2021.124456.

[12] Lager GA, Armbruster T, Rotella F], Jorgensen JD, Hinks DG. A crystallographic study of the
low-temperature dehydration products of gypsum, CaSO4- 2H20: hemihydrate, CaSO4- 0.50
H20, and y-CaSO 4. American Mineralogist. 1984 Oct 1;69(9-10):910-9.

[13] Comodi P, Nazzareni S, Zanazzi PF, Speziale S. High-pressure behavior of gypsum: A single-
crystal  X-ray  study.  American  Mineralogist. 2008  Oct  1;93(10):1530-7.
https://doi.org/10.2138 /am.2008.2917

[14] Oliveira ML, Flores EM, Dotto GL, Neckel A, Silva LF. Nanomineralogy of mortars and
ceramics from the Forum of Caesar and Nerva (Rome, Italy): The protagonist of black crusts
produced on historic buildings. Journal of Cleaner Production. 2021 Jan 1;278:123982.
https://doi.org/10.1016/j.jclepro.2020.123982.

[15] Behzadi Moghadam, N & Hassanzadeh Gucci, J. Gypsum Engineering: Applied Handbook for
Students and Quality Managers. Tehran: Sanabad.2015.[in Persian].

[16] Rubbo M, Massaro FR, Aquilano D, Vanzetti W. Morphology of gypsum: a case study. Crystal
Research and Technology. 2011 Aug;46(8):779-83. https://doi.org/10.1002/crat.201000601

[17] MISHMASTNEHI M. The Application of Crystallographic Interpretation on Technical Study
of Gypsum-Based Historical Materials (Case studies of stucco decoration of Kuh-e Khwaja and
Gypsum Mortars from Shadiakh and Alamut). JOURNAL OF RESEARCH ON
ARCHAEOMETRY.1(2).1-14.2015. 20.1001.1.24764647.1394.1.2.5.6

[18] Aquilano D, Otélora F, Pastero L, Garcfa-Ruiz JM. Three study cases of growth morphology in
minerals: Halite, calcite and gypsum. Progress in Crystal Growth and Characterization of
Materials. 2016 Jun 1;62(2):227-51. https://doi.org/10.1016/j.perysgrow.2016.04.012

[19] Aquilano D, Otélora F, Pastero L, Garcfa-Ruiz JM. Three study cases of growth morphology in
minerals: Halite, calcite and gypsum. Progress in Crystal Growth and Characterization of
Materials. 2016 Jun 1;62(2):227-51. https://doi.org/10.1016/j.pcrysgrow.2016.04.012

[20] Hargis CW, Kirchheim AP, Monteiro PJ, Gartner EM. Early age hydration of calcium
sulfoaluminate (synthetic ye'elimite, C4A3S) in the presence of gypsum and varying amounts of
calcium  hydroxide. Cement and Concrete Research. 2013 Jun 1;48:105-15.
https://doi.org/10.1016/j.cemcontes.2013.03.001

[21] Pinto AJ, Jimenez A, Prieto M. Interaction of phosphate-bearing solutions with gypsum: Epitaxy
and induced twinning of brushite (CaHPO4- 2H20O) on the gypsum cleavage surface. American
Mineralogist. 2009 Feb 1;94(2-3):313-22. https://doi.org/10.2138/am.2009.3046

[22] Vogel MB, Des Marais D], Parenteau MN, Jahnke LL, Turk KA, Kubo MD. Biological
influences on modern sulfates: Textures and composition of gypsum deposits from Guerrero
Negro, Baja California Sur, Mexico. Sedimentary Geology. 2010 Jan 15;223(3-4):265-80.
https://doi.org/10.1016/j.sedgeo.2009.11.013

[23] Al-Youssef M. Gypsum Crystals Formation and Habits, Umm Said Sabkha, Qatar. InSabkha
ecosystems 2014 (pp. 23-54). Springer, Dordrecht. DOI: 10.1007/978-94-007-7411-7_2

[24] Rubbo M, Bruno M, Massaro FR, Aquilano D. The five twin laws of gypsum (CaSO4- 2H20):
a theoretical comparison of the interfaces of the contact twins. Crystal growth & design. 2012
Jan 1;12(1):264-70. https://doi.org/10.1021/cg201031s

[25] Brunton PA, Davies RP, Burke JL, Smith A, Aggeli A, Brookes SJ, Kirkham J. Treatment of
early caries lesions using biomimetic self-assembling peptides—a clinical safety trial. British dental
journal. 2013 Aug;215(4):E6-. https://doi.org/10.1038/sj.bdj.2013.741


https://doi.org/10.1016/j.jclepro.2020.123982
https://doi.org/10.1016/j.pcrysgrow.2016.04.012
https://doi.org/10.1016/j.cemconres.2013.03.001
https://doi.org/10.2138/am.2009.3046
https://doi.org/10.1016/j.sedgeo.2009.11.013
https://doi.org/10.1021/cg201031s

Yaqubzadeh, Razani / Journal of Research on Archaeometry 2 (2021) 209-217

[26] Van Jaarsveld F. Characterising and mapping of wind transported sediment associated with opencast gypsum
mining (Doctoral dissertation, Stellenbosch: Stellenbosch University

[27] Sadeghiamirshahidi M, Vitton SJ. Laboratory study of gypsum dissolution rates for an
abandoned underground mine. Rock Mechanics and Rock Engineering. 2019 Jul;52(7):2053-66.
https://doi.org/10.1007 /s00603-018-1696-6

[28] Bel-Anzué P, Elert K. Changes in traditional building materials: the case of gypsum in Northern
Spain.  Archaeological ~and  Anthropological ~ Sciences. 2021 Oct;13(10):1-
7. https://doi.org/10.1007/s12520-021-01438-6.

[29] Oudbashi O, Shekofte A. Traditional methods of gypsum production in province of Khuzestan,
southwest of Iran. InHMCO8, Historical Mortars Conference Characterization, Diagnosis,
Conservation, Repair and Compatibility 2008.

[30] Bel-Anzué P, Almagro A, Pérez MP, Rodriguez-Navarro C. Influence of the calcination process
in traditional gypsum with structural behavior. Ge-conservacién. 2017 Jun 30;11:79-85.

[31] Vegas F, Mileto CA, Fratini FA, Rescic SI. May a building stand upon gypsum structural walls
and pillars? The use of masonry made of gypsum in traditional architecture in Spain. Proceeding
of the Eight International Masonry. 2010:2183-92.

[32] Yilmaz I. Differences in the geotechnical properties of two types of gypsum: alabastrine and
porphyritic. Bulletin of Engineering Geology and the Environment. 2007 May;66(2):187-
195. https://doi.org/10.1007/s10064-006-0055-0

[33] A Hatim NA, Al-Khayat 1K, Abdulla MA. Modification of gypsum products (Part I): physical
and mechanical properties of adding some additives on different types of gypsum products. Al-
Rafidain Dental Journal. 2007 Jun 1;7(2):206-12.

[34] Badens E, Veesler S, Boistelle R. Crystallization of gypsum from hemihydrate in presence of
additives. Journal of Crystal Growth. 1999 Mar 1;198:704-9. https://doi.org/10.1016/S0022-
0248(98)01206-8

[35] Winnefeld F, Martin LH, Miller CJ, Lothenbach B. Using gypsum to control hydration kinetics
of CSA cements. Construction and Building Materials. 2017 Nov 30;155:154-63.
https://doi.otg/10.1016/j.conbuildmat.2017.07.217

[36] Singh NB. The activation effect of K2SO4 on the hydration of gypsum anhydrite, CaSO4 (II).
Journal of the american ceramic society. 2005 Jan;88(1):196-201.
https://doi.org/10.1111/j.1551-2916.2004.00020.x

[37] Sievert T, Wolter A, Singh NB. Hydration of anhydrite of gypsum (CaSO4. II) in a ball mill.
Cement and concrete research. 2005 Apr 1;35(4):623-30.
https://doi.org/10.1016/j.cemcontes.2004.02.010

[38] Golez M, Pogacnik Z, Mladenovié A. Laboratory-prepared lime-gypsum mixtures based on the
know-how of traditional technology. Journal of Cultural Heritage. 2018 Jul 1;32:38-43.
https://doi.org/10.1016/j.culher.2018.02.011

[39] La Spina V. Study of traditional gypsum in Spain: Methodology and initial results. InBuilding
Knowledge, Constructing Histories 2018 Jul 11 (pp. 829-836). CRC Press. 9780429446719

[40] Gliozzo E, Pizzo A, La Russa MF. Mortars, plasters and pigments—research questions and
sampling criteria. Archaeological and Anthropological Sciences. 2021 Nowv;13(11):1-30.
https://doi.org/10.1007/s12520-021-01393-2

[41] Frederiksen R, Marchand E, editors. Plaster casts: making, collecting and displaying from
classical antiquity to the present. Walter de Gruyter; 2010 Sep 27.

[42] Raghunathan T. Recent Research of Lime Mortar and FAL-G with Urea. Advanced Aspects of
Engineering Research Vol. 14. 2021 May 20:98-103. Print ISBN: 978-93-91215-88-0, eBook
ISBN: 978-93-91215-89-7

[43] Ashurst ], Ashurst N. Practical building conservation. Vol. 3: mortars, plasters and renders. 1988.

[44] Singh M, Vinodh Kumar S. Mineralogical, chemical, and thermal characterizations of historic
lime plasters of thirteenth—sixteenth-century Daulatabad Fort, India. Studies in Conservation.
2018 Nov 17;63(8):482-96. https://doi.org/10.1080/00393630.2018.1457765

[45] Ponce-Antén G, Zuluaga MC, Ortega LA, Agirre Mauleon ]. Petrographic and Chemical—
Mineralogical Characterization of Mortars from the Cistern at Amaiur Castle (Navarre, Spain).
Minerals. 2020 Mar 31;10(4):311. https://doi.org/10.3390/min10040311.


https://doi.org/10.1007/s00603-018-1696-6
https://doi.org/10.1016/S0022-0248(98)01206-8
https://doi.org/10.1016/S0022-0248(98)01206-8
https://doi.org/10.1016/j.conbuildmat.2017.07.217
https://doi.org/10.1111/j.1551-2916.2004.00020.x
https://doi.org/10.1016/j.cemconres.2004.02.010
https://doi.org/10.1016/j.culher.2018.02.011
https://doi.org/10.3390/min10040311

Yaqubzadeh, Razani / Journal of Research on Archaeometry 2 (2021) 209-217

[46] Cechova E. The effect of linseed oil on the properties of lime-based restoration mortars.2009.
DOI 10.6092/unibo/amsdottorato/2267.

[47] ORATTAN G, JONES JR, COMPTON W. VOLUME XVIL-NO. 48. HARRISONBURG,
VA., THURSDAY, SEPTEMBER 14, 1882.

[48] Pintea AO, Manea DL. New types of mortars obtained by aditiving traditional mortars with
natural polymers to increase physico-mechanical performances. Procedia Manufacturing. 2019
Jan 1;32:201-7. https://doi.org/10.1016/j.promfg.2019.02.203

[49] Binici H, Resatoglu R, Aksogan O. Effect of egg white, petlite, gypsum and fly ash in
environment friendly insulation materials. Facta Universitatis. Series: Architecture and Civil
Engineering. 2019 Jan 24:329-42. ISSN 2406-0860 (Online)

[50] Philokyprou M. The eatliest use of lime and gypsum mortars in Cyprus. InHistoric Mortars 2012
(pp. 25-35). Springer, Dordrecht. DOI: 10.1007/978-94-007-4635-0_3

[51] Brunello V, Bersani D, Rampazzi L, Sansonetti A, Tedeschi C. Gypsum based mixes for
conservation purposes: Evaluation of microstructural and mechanical features. Materiales de
Construccion. 2020 Mar 30;70(337):¢207-. DOI: 10.3989/mc

[52] Monaco M, Aurilio M, Tafuro A, Guadagnuolo M. Sustainable mortars for application in the
cultural heritage field. Materials. 2021 Jan 27;14(3):598. https://doi.org/10.3390/ma14030598

[53] Jroundi F, Gonzalez-Mufioz MT, Garcia-Bueno A, Rodriguez-Navarro C. Consolidation of
archacological gypsum plaster by bacterial biomineralization of calcium carbonate. Acta
biomaterialia. 2014 Sep 1;10(9):3844-54. https://doi.org/10.1016/j.actbio.2014.03.007

[54] Colak A. Density and strength characteristics of foamed gypsum. Cement and Concrete
Composites. 2000 Jun 1;22(3):193-200. https://doi.org/10.1016/S0958-9465(00)00008-1

[55] Palomo A, Blanco-Varela MT, Martinez-Ramirez S, Puertas F, Fortes C. Historic mortars:
characterization and durability. New tendencies for research. InAdvanced Research Centre for
cultural heritage interdisciplinary projects, Fifth Framework Programme Workshop 2002 Feb 4.

[56] Wong LN, Jong MC. Water saturation effects on the Brazilian tensile strength of gypsum and
assessment of cracking processes using high-speed video. Rock Mechanics and Rock
Engineering. 2014 Jul;47(4):1103-15. https://doi.org/10.1007/s00603-013-0436-1

[57] Vegas F, Mileto C, Ivorra S, Baeza F. Checking gypsum as structural material. InApplied
Mechanics and Materials 2012 (Vol. 117, pp. 1576-1579). Trans Tech Publications Ltd.
https://doi.org/10.4028 /www.scientific.net/ AMM.117-119.1576

[58] Sakthieswaran N, Sophia M. Effect of superplasticizers on the properties of latex modified
gypsum plaster. Construction and Building Materials. 2018 Aug  10;179:675-91.
https://doi.org/10.1016/j.conbuildmat.2018.05.150.

[59] Huang Y, Xu C, Li H, Jiang Z, Gong Z, Yang X, Chen Q. Utilization of the black tea powder as
multifunctional admixture for the hemihydrate gypsum. Journal of Cleaner Production. 2019
Feb 10;210:231-7. https://doi.otg/10.1016/j.jclepro.2018.10.304

[60] Lewry AJ.Williamson J. The setting of gypsum plaster. Journal of materials science.
Dec;29(23):6085-6090.1984

[61] Rodriguez-Navarro C. Binders in historical buildings: Traditional lime in conservation. Semin.
SEM. 2012 Jun;9:91-112. ISSN 1698-5478

[62] Moropoulou A, Bakolas A, Anagnostopoulou S. Composite materials in ancient structures.
Cement and concrete composites. 2005 Feb 1;27(2):295-300.
https://doi.org/10.1016/j.cemconcomp.2004.02.018

[63] Iucolano F, Liguori B, Aprea P, Caputo D. Evaluation of bio-degummed hemp fibers as
reinforcement in gypsum plaster. Composites Part B: Engineering. 2018 Apr 1;138:149-56.
https://doi.org/10.1016/j.compositesb.2017.11.037

[64] Tarannum N, Pooja KM, Khan R. Preparation and applications of hydrophobic
multicomponent based redispersible polymer powder: A review. Construction and Building
Materials. 2020 Jun 30;247:118579. https://doi.org/10.1016/j.conbuildmat.2020.118579.

[65] Ustinova YV. Influence of the polymeric additives on the process of calcium sulfatedihydrate
crystallization. InE3S Web of Conferences 2020 (Vol. 220, p. 01035). EDP Sciences.

[66] Janus M, Zatorska ], Zajac K, Kusiak-Nejman E, Czyzewski A, Morawski AW. The mechanical
and photocatalytic properties of modified gypsum materials. Materials Science and Engineering:
B. 2018 Oct 1;236:1-9. https://doi.org/10.1016/j.mseb.2018.11.015.


https://doi.org/10.3390/ma14030598
https://doi.org/10.1016/j.actbio.2014.03.007
https://doi.org/10.1016/S0958-9465(00)00008-1
https://doi.org/10.1016/j.conbuildmat.2018.05.150
https://doi.org/10.1016/j.jclepro.2018.10.304
https://doi.org/10.1016/j.conbuildmat.2020.118579
https://doi.org/10.1016/j.mseb.2018.11.015

Yaqubzadeh, Razani / Journal of Research on Archaeometry 2 (2021) 209-217

[67] Pundir A, Garg M, Singh R. Evaluation of properties of gypsum plaster-superplasticizer blends
of improved performance. Journal of Building Engineering. 2015 Dec 1;4:223-30.
https://doi.org/10.1016/j.jobe.2015.09.012.

[68] Khalil AA, Tawfik A, Hegazy AA, El-Shahat MF. Effect of some waste additives on the physical
and mechanical properties of gypsum plaster composites. Construction and building materials.
2014 Oct 15;68:580-6. https://doi.org/10.1016/j.conbuildmat.2014.06.081.

[69] Abbood AA, Atshan AF, AL-Ridha AS. Improvement of Local Gypsum Plaster Setting Time
by the Combined Usage of (TGP) and (PVA) Additives. InIOP Conference Series: Materials
Science and Engineering 2020 Jun 1 (Vol. 870, No. 1, p. 012106). IOP Publishing.
doi:10.1088/1757-899X/870/1/012106

[70] Benjeddou O, Soussi C, Benali M, Alyousef R. Experimental Investigation of a New Ecological
Block Made by Mixing Gypsum Plaster and Desert Sand. Arabian Journal for Science and
Engineeting. 2020 May;45(5):4037-52. https://doi.org/10.1007 /s13369-020-04362-4.

[71] Chindaprasirt P, Boonserm K, Chairuangsri T, Vichit-Vadakan W, Eaimsin T, Sato T, Pimraksa
K. Plaster materials from waste calcium sulfate containing chemicals, organic fibers and
inorganic additives. Construction and Building Materials. 2011 Aug 1;25(8):3193-203.
https://doi.org/10.1016/j.conbuildmat.2011.03.004.

[72] Hashempour M, A Samani A, Heidari A. Essential Improvements in Gypsum Mortar
Characteristics.  International Journal of Engineering. 2021 Feb 1;34(2):319-25.
10.5829/1JE.2021.34.02B.03

[73] Ma L, Xie Q, Evelina A, Long W, Ma C, Zhou F, Cha R. The effect of different additives on the
hydration and gelation properties of composite dental gypsum. Gels. 2021 Aug 11;7(3):117.
https://doi.otg/10.3390/gels 7030117

[74] 100Buryanov AF. Water-resistant gypsum compositions with man-made modifiers. Procedia
Engineering. 2017 Jan 1;172:867-74. https://doi.org/10.1016/j.proeng.2017.02.087.

[75] Romero-Gémez MI, Pedrefio-Rojas MA, Pérez-Galvez F, Rubio-de-Hita P. Characterization of
gypsum composites with polypropylene fibers from non-degradable wet wipes. Journal of
Building Engineering. 2021 Feb 1;34:101874. https://doi.org/10.1016/.jobe.2020.101874

[76] Camarini G, Pinto MC, de Moura AG, Manzo NR. Effect of citric acid on properties of recycled
gypsum plaster to building components. Construction and Building Materials. 2016 Oct
15;124:383-90. https://doi.org/10.1016/j.conbuildmat.2016.07.112.

[77] Magallanes-Rivera RX, Juarez-Alvarado CA, Valdez P, Mendoza-Rangel JM. Modified gypsum
compounds: An ecological-economical choice to improve traditional plasters. Construction and
building materials. 2012 Dec 1;37:591-6. https://doi.org/10.1016/j.conbuildmat.2012.07.054.

[78] Chernyshova N, Lesovik V, Fediuk R, Timokhin R. Enhancement of fresh properties and
performances of the eco-friendly gypsum-cement composite (EGCC). Construction and
Building Materials. 2020 Nov 10;,260:120462.
https://doi.org/10.1016/j.conbuildmat.2020.120462

[79] Cascione V, Maskell D, Shea A, Walker P, Mani M. Comparison of moisture buffering properties
of plasters in full scale simulations and laboratory testing. Construction and Building Materials.
2020 Aug 20;252:119033. https://doi.org/10.1016/j.conbuildmat.2020.119033

[80] Santos T, Gomes MI, Silva AS, Ferraz E, Faria P. Comparison of mineralogical, mechanical and
hygroscopic characteristic of earthen, gypsum and cement-based plasters. Construction and
Building Matetials. 2020 Sep 10;254:119222.
https://doi.org/10.1016/j.conbuildmat.2020.119222

[81] Sai AN, Ramadoss R. A review on role of additives & pozzolanic materials in ancient structures.
Materials Today: Proceedings. 2021 Jan 1;43:1383-8.
https://doi.org/10.1016/j.matpr.2020.09.173

[82] 108. Khalil AA, Tawfik A, Hegazy AA, El-Shahat MF. Effect of different forms of silica on the
physical and mechanical properties of gypsum plaster composites. Materiales de construccion.
2013 Dec 30;63(312):529-37.

[83] D'Armada P, Hirst E. Nano-lime for consolidation of plaster and stone. Journal of architectural
conservation. 2012 Jan 1;18(1):63-80. https://doi.org/10.1080/13556207.2012.10785104.

[84] Jean Chardin. Chardin's Travel Letter. Translated by Igbal Yaghmaei. second
edition. Tos. Tehran.2014 [In Persian].


https://doi.org/10.1016/j.jobe.2015.09.012
https://doi.org/10.1016/j.conbuildmat.2014.06.081
https://doi.org/10.1016/j.conbuildmat.2011.03.004
https://doi.org/10.1016/j.conbuildmat.2016.07.112
https://doi.org/10.1016/j.conbuildmat.2012.07.054
https://doi.org/10.1016/j.conbuildmat.2020.120462
https://doi.org/10.1016/j.conbuildmat.2020.119033
https://doi.org/10.1016/j.conbuildmat.2020.119222
https://doi.org/10.1016/j.matpr.2020.09.173
https://doi.org/10.1080/13556207.2012.10785104

Po—1AD :(1)A £11Ee) (aimplmy asgly

{/:_(ly’/:l{-‘/ Iy DOI: 10.52547 /jra.8.1.185 URL: http://jra-tabriziau.ir/

WA

@ 6)9)e Ales
CrossMark

W 329381 55 g adgi Wl b 2,8 WSl 1 (559,
& o bYo 43

* S5y e < 05 giag dols
) 525 525 (oMl i olKls oKy BT clslis oSS e 5 5 (Sid (el o e ] (oli S )
Al 5255 325 oMol i oISl oS h BT clis 01l ool Y

11 /01E/PO sibpsy AnG 1101 /01 /Mo 1adly)s AnG

oS

el 5,03 28 Ly e laish )3 g s (Gigpel (> g Pyl laly calo 3 pilole Jise LB
pLsl (2l S las o LMo codsS i) 5 350 53 Cumlien loj Jsbo 3 55 olil 5 catSL sl bl
e Jolse et ISl ) 53l (JUsSISe 8Sd g (oysh )3l 5 cul (Sane Blo o5 @S LM 0
GRgR ol pll Sl Bam yolate (pendy Cunl dtly I 539331 5 C B (a0 £ b a4 (25 sabMe (ol
Uhe) a5 slbuls ldlls G ol (slily )3 45 36y dales bMo Lolss  osatiS olse b 5956 » syape
Lo 5 (oo 99 5 Lolss 3 Sl Jole gl it slalame )3 &5 (oo (2508 4 b g dalss imghy
LMo iy 4y ol cpl &5 039 (Sgliste 50k 23 Laulpd 9 (0alBU ()l e ccilises (las )3 4 (g psboay eunl (ina
Sy sl (25 LMo y3 )38 ,50 0 Jelge 51 48 o 3dg38] g ot 8950 dgu oo yorie Ciliste (lae > ol S
5 Sysh U 3 Ol cacly 00548 3 g0 5| AIUS b &) dn g5 S 6 jebods gy Aimlgs S 15U abMe Hls Lo > somudy
oo Sby) (o Dede prie (25 b ) (ol Col 4 eadobul Gl ul 5 0dd gyshle sLad
g g0 Bymo labMo )3 5o (gl 53958l (S5 izmed 5 &5 (slwedle]

(Pl sl dod ¢yane ¢ 53938] @S LMo yoly 1 glS (45519

VESVESYY 1 awndS iy (oMl st oKl ¢ sollsiionSs e cljl Ll ¢y 20l Jgtane oty g5 *
m.razani@tabtiziau.ac.it : S5 Conn


https://dx.doi.org/10.52547/jra.8.1.185
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.6.2.25

< ol : . gk
& i bUo 3l ;359 j81 13l g Salgs Saul 48 e )8 ¢ jliSlw 2 (5930 \_SMCJL‘M[J

bgye abMo 3 yoled yusi oyl Jole odas 31> dgup0
il Jolge b 55 )lislo 395 9 39 dnlgs sl 4
labMo dups aul,8 g b 33938l 0dle yame Loyl yis Al
Cany Oy glod diged gl .l Mol LB
a5 g ebods XS Dbl bMe cuaS Sl Wlg o
Cad 1y 295 loyol O upf dod Gal3il b &5 o
[87] 298 o0 Jos oyl calises glgil @) g a2 o
3 S ooty onln Gosif 3500 gy 3 50 Bige
Sl b 3 £r0050 ool oo (sladnsis
Joliie (Sl Cuaglio (I3l (539531 lyiea
Jolgs § iz s 3y 535 5 o ngsél 9]
S Bl (ogases LY ol s 3 S50
(ixe £ ek (5N S ele Cunly o oS 039
ik 555 5 i g 35 labdle a5
Jelse sy pigi nl pbl J B 3] laiis
S0 9.8 Mo poguad ey bMo ol 2 IS 56
3l gy gpnl)) el o] Sl (sl S
b2 g (e syt 9 Moy 0933l 13 S
Caa gl (laibulis gy 4 &8 slabMe oy

LbWo 559,15 g dedey ,U5 .Y
obe 2 ol b by slacoygld 5 (5T (6,8 Ky
Syl Slusds 28 g5 g 900 Lise o3 oo 1 b yluns]
LMo 3l oslitsl yg) 90 (ot &S el dengi o
Gble 5 a8y &5 IS8 dilaie » 1) Sales
e {10] S5l o p. 5 picids 5 iad 5yl 3 5> dilie gl
ol 53 b o 8 bl s3litl o 55,58
LMo (sl il glasp)l5 col o3)en gt
b 518 (el il g pw Y o] o b 995 o0
PModouome (> g (v d9ulaY (DUSF 4
Gl Jgb 5 oole ol 5 &S sl o3, dles
S8 elgl VIS {1241] 29 o0 odliie jluns
A o i Gglaie gla sy () calisee (slabMe
Sl 5 (Shg aia bbMe (03)90 35 & x5l
Jbe gy iy jlaise cunbie 35 1) BMe ya

EVRUIIN
Sl o &S Cunl (6 ymed Canold b glodle ¢ IS >
Syt 355 b 5 [1] Juog S &1y (ol cllao
[32] wsly adly 5 )l8" 551 g 3951 aislody Lol pdlne
Sged jl[4] Jojliz 2l )3 (oDhe (b leo
D9 e gune 03lo pl (SYgb do )l g Cetd )l
bMo (lgicay i 1y &8 5l ookl 55 0S ol j
08P lgear llas g Shw g 2l 29l
OFmen Spplie byl ) g S (B
ol 005 03l 0.8 1555 lgicds 5 83y ¢ wed )
3 35 syl wile (0l 8l o Slpl (1S alie Sl e
B Cuw b bMe [5]uls,S oolitel bMe 534
Solomo o] 5l cblis )3 toye ol 5 Jglute
5 S lbMe cglie oled dbg) > oS e
by o b1 S50 cblis can 0 &5 29 clagis
L;.)Laﬁ‘ :Lé)..o ).309)49 odlo u.:‘ 45‘)> s L;"‘)'“
Syl Vb 6pd IS5 ale (6,500 (o Sy
2 odlawl P )0 3le pl Lot (g plcuiS g oS
Ologo Aoy g5 Boyem dso) (Sl b
(s BT & 5 lycawmnl o> g oS pbcuSy
Bgod .l 35 lcans (gl oslo oyl &S Sles ataST
9 Cugby Blie o8 Cuglie bans cpl )b
IoBr p Geie G SRy Pescuamlie
Gly) o sl odle oyl il ealiisl (slacusdse
LMo flgisds oslitnl 3 odlo cpl o5 Cuoglio ¢ Jlio
OSu ke Cal (Bl isuplSotil o olegd
Ol Cany 505 Slo & g o bMo S LS5
9 S dadhKuw sl d.)‘yo Cowo X°9M; Ll
S aplS b K el o js Joolge >
Jgo dlgo oy o slaiy iz Sl 4 (2 L
d)‘m& " U‘?’Lf Jﬂ ALY .\&‘9> u.»Lmuuuo (_51)1.)
Iy bMo ailods dlge yoled 5l Sy (sdos MBI0

1Eo | liwsl g Jlgs (Jgl ol o Jw | 1AS



= CJ'J‘w'.g R lawl 6 ju solilad g

OSSR Glp 25 LMo > Ko odlil
Ly 38" s |y 093 LMo 55 (ylose <9y (o
ub)fw LS‘)% BWVEN a.’;:l§9| Jrovm ..&33)5@ ol
Q@ powye &S (gdlge jl g 0d) CadME 4y Cuwd LMo
Cnglio il 3l cacly (Sal bMo 5 555y o
P slali 3 (93938 nl | (g g 29800 (L3

J15] conl o ool ™

w25 L [13]555 55 et IS5 ploo o8 ool sl
5391 Wlg5t Cunlio 28 LMo 3l ookl Ly 5 p,l8" 4
o lgan o oy g3 ) o3lizld g0 Lo oy Fiaslio
Sopien Sal g5 ofs 29 Cogby gl
lop Sal g Slgpan i3 0 4 Sal lacy)
()b alisee glacuwols pliS 2 a5 34 o pumnds
Cygody S dlge (S el S0 Jbe [14] Cusl
sl ol G Shy o cul bMo > (53938
@ b 5Ll o)t ke (dly s e LMo

S 5 21 o b

S 3 sl b3

The layers forming the roof of the building
(usually made of lime or gypsum)

>daw 39051 LY
Ol 35 b

L Ciu oaiad JoSUis gl 4

Wall layers (can include

Sled s Y

lime and gypsum) ///

TITTIT] ‘l

Il TYTTTTYTTTTTTTTTY

Gy S s3] paid Sl (gl 4y
The layers that make up the components of the
building floor (lime binding is the most used)

S sl 3 labMe 5,8 o 5 Jgle ) S

Fig. 1: The most common application of mortars in historical buildings

Dy lgn ole g0 4y diunly (Saxe dlgo Hlidlw AL
4y bk JBh o b 5 by
p bl e ol el Gem hics,
5 2 > Sl oAIAS 350 2 3 (Sl L
ool o5 a8 smlg: el 1y yob g 9 0900 B
Gl Caonl Bl o3le Sl oled o > Slyuss
8P &S Cunl (1S plate 9 50k i Lu S &5
Wile ol cpaizr @8 Lo 3 baysh (65)1,8

AV | 1o gl g les cJgl 6l i Jluw

5 Yob CerBopls SopuSasans L
s slad g 2958l aiile lolg e 5L
5 Oy (o jl il Aol Labad labMe
O Ay 039 (Fu)lS 8y93 0 )3 ol jgdiy
2 oS Ble ol i Sl e
isyge Lo Shy L bMo (gjlwaigg sliol,
Iy 2oyl 2y90 &5 b le cou cul cule
= Ll ol il (g o 5l L, S

ol ol lio €8S LM



< ol : . gk
& i bUo 3l ;359 j81 13l g Salgs Saul 48 e )8 ¢ jliSlw 2 (5930 \_SMCJL‘Mb

lajols ) Ol bl b (6l 29 00 ol olgs
CudS 9 g8 Bl e 3 pre Jele K
29530 Jalge 5l (8 Sl yss o (SlaigS 4y Canln ol
Lol 5 s o] iy S ke oMo Jisls
2 Shes ir olidcad gy osdie
CwgSue pobal (g (Sl b
Sy B Joee ¥ JSS [21] 55 edlil (gl
Pl s e L) @8 jsh 3 35290 polis
Gigod g5 ok (wlidcsy, K e
2 Jy sl plaie ool b g (V JSB) (gt
Dgus oo b Jlows] & ygody (25 jbs Oyl Caano
bl al Cppon Canb & b )
e b cab & Pl o So3g)len
o )l oyl lsen CaSo42H0 _jlass
Glosl 3 35 o g b Wl 8 il &8 5l il

[2223] 3950 il &S cpolan

J16-18] &S o Sy Conb aCuws g5 il
Olgw emS] o3 Hles duvsdy sasablsl 55
(CaSO4 ZHZO) um.:) dLD:”L L;Lol b..\S)’L» (504'2)
555k )8 350 oo 0 Ol (sloJsSUgo g sin
slapgeast SLbl p (Cajends (5 655 (o0
Canliio g Cunl dtanly &8 3 39390 Ul jne 4 lnasS
sladglge 1508 b S gygbes 1S o i ol L
oot s | 35 ol 53 6550 5 00 icSass
5 odbaaS ).,.oL'..c )‘ ;i»).tb oKl 19,20 |l
wile olse il cov cnda upi Lo Ol
S90S ealbl oy b (e i 5 g4
d)ly (sopuw Cygods b sy (glodle ST dAS .l
robie 6513595 » o ol g 095 g8 L
55 5 b IS0 s el 5 48 o ) ol

[39y]
& 9

Gypsum Crystal
[AYs] — [+9+]

Al \

T 9l S Olxdo

' [111] . “
[ye-] ‘ [yy+]
Gypsum crystal plates
[+11]
[+y] [¥+]

& ok SV el

Molecular structure of gypsum crystal

CaSo, oyt

CaSo, 2H,041 95 (s

([24] éu..a )‘ 4;.5)5 o.\:‘ VESTA )l)Blfa): Ja.wy odusdis L u‘ 09.&: w).\.ul 9 d.:lpu ‘dub.) Cs ;f‘ﬂ?‘ )L>Lu) R JS.»:

Fig. 2: Molecular structure of two-hydrated, semi-hydrated and anhydrite (no water) gypsum made by VESTA software
(idea taken from soutce [24].)
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Fig. 4: Characteristics created in historical mortars by the ratio of three mining factors, calcination and additives
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a traditional way (idea taken from source [46])
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